Interventional
CASE SERIES
CASE 1 69-year-old male with a history of chronic hepatitis C, post liver transplant and deceased donor kidney transplantation (DDKT) in June 2014. Patient had an uneventful postoperative course. Doppler ultrasound (US), which was performed a day after surgery, revealed a patent renal artery with a slightly elevated peak systolic velocity (PSV) of 234 cm/s (normal < 180 cm/s) with a baseline creatinine of 1.69 mg/dL (normal <1.1 mg/dL) Two months after the uneventful surgery, serum creatinine levels were relatively stable, whereas surveillance Doppler US (Fig. 1a) revealed elevated juxtaanastomotic velocities of 544 cm/s, which were consistent with renal arterial stenosis (RAS).
In addition, a nuclear medicine renogram was performed which revealed moderate to severely reduced perfusion with cortical retention in the transplant kidney suggestive of a medical renal disease (Fig. 1b) . Two weeks after the treatment for T-cell mediated rejection with thymoglobulin, his serum creatinine increased to 3.0 mg/dL and juxtaanastomotic arterial velocities peaked to 650 cm/s.
After three days, with the patient on systemically anticoagulation, endovascular intervention was reattempted. A repeat angiogram was performed which confirmed the angiographic findings of juxtaanastomotic stenosis and dissection flap. The transplant renal artery was catheterized beyond both the stenosis and dissection flap. Over a 0.014″ transcend microwire (Boston Scientific, Nastick, MA), a 5 × 13 mm Multi-Link RX Ultra coronary stent (Abbott Laboratories. Abbott Park, Illinois, USA) was placed at the level of the stenosis. During balloon dilatation, the stent migrated slightly to the distal end. A more proximal 4.5 × 13 mm Multi-Link RX Ultra coronary stent was then placed partially overlapping the more distal stent (Fig. 1c) . Post-stent renal angiogram demonstrated the resolution of stenosis with the overlapping stents conforming to the tortuous arterial course with no secondary stenosis or kinks along either ends of the stents. The previously noted flow-limiting dissection flap was again seen at the renal bifurcation (Fig. 1d ).
Post-procedure Doppler US (Fig. 1e ) demonstrated a drop of the juxtaanastomotic velocities to 56 cm/s, whereas serum creatinine improved to 1.4 mg/dL. Velocities along the dissection flap (mid-renal artery) also improved.
CASE 2 61-year-old female with a history of hypertension (HTn), lupus nephritis, status post DDKT in October 2014. After an uneventful post-operative course, she presented four months later with fluid overload, including lower extremity swelling, refractory hypertension (blood pressure: 190/90 mm Hg) (normal 120/80 mm Hg) and an elevated serum creatinine of 3.4 mg/dL (normal <1.1 mg/dL). Doppler US revealed juxtaanastomotic RAS and elevated PSV of 491 cm/s (normal < 180 cm/s) (Fig. 2 a) . A US-guided renal biopsy was negative for rejection, but resulted in a small arteriovenous fistula in the upper pole of the transplant kidney.
An endovascular treatment was attempted ( Fig. 2b-d ). DSA confirmed a juxtaanastomotic kink (Fig. 2b) . The transplant renal artery was catheterized beyond both the stenosis via a right common femoral artery approach, in a similar fashion as described in case 1. Over a 0.014″ transcend microwire; two 5 × 13 mm Multi-Link RX Ultra coronary stents were placed at the level of the stenosis (Fig. 2c) . Poststent renal angiogram demonstrated the resolution of stenosis with the overlapping stents conforming to the tortuous arterial course (Fig. 2d) . The small arteriovenous fistula seen arising from the upper pole of transplanted kidney was not thought to be significant at this time. We decided to monitor with serial US and if there is worsening renal function, to intervene.
Subsequently, her blood pressure dropped to 130/62 (normal 120/80 mm Hg), lower extremity edema resolved and serum creatinine improved to 1.3 mg/dL (normal <1.1 mg/dL). Post-procedure Doppler US (Fig. 2e ) demonstrated a drop in the juxtaanastomotic velocities to 249 cm/s (normal < 180 cm/s).
CASE 3 70-year-old female with a history of HTn, diabetes mellitus, status post DDKT in October 2014. Patient had an uneventful post-operative course. Four months later, she presented with increased serum creatinine of 3.3 mg/dL (normal <1.1 mg/dL). Doppler US revealed juxtaanastomotic renal artery stenosis with a slightly elevated PSV of 568 cm/s (normal < 180 cm/s) (Fig. 3a) . US-guided renal biopsy was negative for rejection.
An endovascular treatment was attempted (Fig. 3b-f ). An angiogram confirmed a juxtaanastomotic kink (Fig. 3b) . The transplant renal artery was catheterized beyond both the stenosis via a right common femoral artery approach, in a similar fashion as described in case 1 and 2. Balloon angioplasty was performed (Fig. 3c) .A single 5 × 13 mm Multi-Link RX Ultra coronary stent was appropriately positioned (Fig. 3d ) and then deployed at the level of the stenosis (Fig. 3e) . Post-stent renal angiogram demonstrated the resolution of stenosis conforming to the tortuous arterial course with no secondary stenoses or kinks along either ends of the stents (Fig 3f) and good intrarenal perfusion (Fig. 3g ).
Post-procedure serum creatinine improved to 1.1 mg/dL (normal <1.1 mg/dL).
Etiology & Demographics
Although the most frequent renal transplantation complications are renal and perirenal fluid collections, vascular complications occur at a rate of 3%-15%. Transplant renal artery stenosis (TRAS) is the most common vascular complication (1%-12%) and often leads to refractory hypertension and eventually graft dysfunction [1] .
The cause of TRAS is multifactorial. Early-appearing stenoses are mainly associated with surgical technique because of traumatic intimal injury during harvesting or vessel manipulation, kinking of the artery when it is longer than the vein, or technical problems with the vascular suture. Lateappearing stenosis reflects allograft renal artery hyperplasia or renal and/or iliac atherosclerotic disease as well as immunological factors and cytomegalovirus arteritis [2] .
The incidence of renal artery stenosis is more common in cadaver transplant (most common renal transplant), and it manifests as early as 2 days or as late as years after the procedure [2] .
Clinical and Imaging Findings
Making a clinical diagnosis of TRAS is difficult as rejection is a strong mimicker. An impaired renal function resulting in renal insufficiency may be the primary manifestation.
At times, this condition is incidentally diagnosed during routine post-transplant Doppler US. However, severe hypertension refractory to medical therapy and association with unexplained graft dysfunction is the most common presentation [3] . The endovascular treatment of TRAS with a high technical success rate (89%-100%) and low rate of complications (upto 5%, which include arterial rupture, dissection, and thrombosis) is now considered the treatment of choice with the advantage that it does not preclude subsequent surgical correction [6, 7] . The current debate centers on the use of drug eluting technologies vs. conventional stents and balloons in management of renal artery stenosis, both native and transplant. In general the kinks in transplant renal arterial anatomy do not present a favorable anatomy for placement of conventional stents (bare metal or balloon mounted). In our experience it has been difficult to negotiate the sharp kinks .One of the major drawbacks of endovascular treatment is restenosis, 10%-56% with balloon angioplasty and 5.5%-10% with stenting [8] . Secondary stenting can be used as a bail out (e.g., in intraprocedural dissections or in the cases of restenosis) [9] . Restenosis has been known to be related to inflammatory changes related to the presence of a metallic stent. A stent with a rigid profile lacking conformability will create significant geometric changes to the native vessel possibly leading to early restenosis and/or vascular kinking along the stent margins [10] .
The initial treatment of the transplant renal arteries in all three cases was challenging as the stenosis was secondary to a severe vascular kink. The extreme angulation along the renal artery course required a stent that is both low profile and flexible to track across the stenosis. This has been a limitation with renal artery stenting with rigid balloon-expandable stents. The Multi-Link Ultra coronary stent is a second generation coronary stent specifically designed to maintain radial force while also remaining flexible. The Multi-Link Ultra stent consists of corrugated rings each bridged together by flexible segments. The corrugated rings provide the appropriate radial force to treat the stenosis, whereas the bridging segments provide flexibility. This important combination of radial force and flexibility allowed for the successful treatment of TRAS and kink while preserving the overall arterial course without acute angulations transmitted to the ends of the coronary stents [10, 11] .
Our three patients had successful technical and clinical outcomes in TRAS in a tortuous proximal renal arterial anatomy (Summary in Table 1 ). As the stenoses appeared to be secondary to arterial kinking, angioplasty was not thought to be a helpful initial treatment option. Multi-Link RX Ultra coronary stents were utilized for their outward radial force to treat the focal stenosis and for the flexible design allowing for stent conformation to the tortuous vascular course. The successful treatment of TRAS using these coronary stents in all three patients highlights the utility of this stent system. Renal artery thrombosis is a complication most commonly seen in the hospitalization period immediately after transplantation. At Doppler US, an infarct appears as a poorly marginated, hypoechoic avascular mass involving a portion of the kidney of segmental or the whole kidney of global. At radionuclide studies, a photopenic region may be seen. However, US and scintigraphic features are not specific and significant overlap is seen with rejection. CT and MR can be used to detect perfusion deficits in the renal graft parenchyma, although MR is preferred because of the lack of contrast administration. Dynamic enhanced MR imaging can be useful for diagnosing both segmental and global infarctions as well as renal artery thrombosis Percutaneous angiographic interventional thrombolytic therapy is controversial, yet more effective if treated early. [3] Arteriovenous fistulas and pseudoaneurysms are rare and occur mainly as a result of percutaneous biopsy when rejection is suspected. Doppler US shows pseudoaneurysms as localized areas of outpouching outside the confines of the normal vessel and arteriovenous fistulas as abnormal high-velocity turbulent flow with aliasing. Most of these complications after biopsy are treated conservatively. However if there is enlargement or clinical manifestation, intervention including Selective transarterial embolization is warranted [3] . Venous thrombosis is rare, but if it occurs, the kidney is usually unsalvageable. It is diagnosed by means of color flow Doppler ultrasonography [13, 14] .
Differential Diagnosis
b. Urologic complications: Occur in about 4%-8% of patients and include urine leaks and stenoses. Urine leaks occur at the ureterovesical junction and result from disruption of the anastomotic connection of the ureter to the graft, generally within the first 2 months after transplantation. Ultrasonography demonstrates a well-defined perigraft fluid collection with no septations that increases in size rapidly. Radionuclide studies with imaging in delayed phase show extravasation of radiotracer into an initially cold spot .Drainage may be performed with US guidance. The fluid is sent for analysis as a higher creatinine level of the fluid compared with its serum concentration could differentiate urinoma from a lymphocele. Small urine leaks may be treated with percutaneous nephrostomy and stent placement for about 6-8 weeks to allow complete healing of the ureter, failing which, reimplantation of the ureter may be required [3, 14] .
Ureteral stenosis is seen to affect the distal third of the ureter. US can help detect the hydronephrosis. Delayed imaging during scintigraphy may demonstrate urinary obstruction and help to evaluate renal function. Percutaneous nephrostomy is used to relieve obstruction and allow the deployment of other radiologic interventions such as ureteral stent placement and balloon urethroplasty using balloon dilation. [1, 3] c. Peritransplant fluid collections: These have been reported in up to 50% of renal transplantations and include urinomas, hematomas, lymphoceles, and abscesses. US characteristics of peritransplant fluid collections may vary from being anechoic in seromas, hypoechoic with internal echoes /debris in abscess or even echogenic in acute hematomas, however are nonspecific, but US is useful with percutaneous aspiration and drainage. Recurrence is particularly seen in lymphoceles because of which sclerosant therapy may be needed [12, 13, 15] .
ii. Allograft dysfunction /rejection: The two most important parenchymal abnormalities that occur are acute tubular necrosis (ATN) and rejection, ATN occurs right after the transplantation and resolves within 2 weeks. Rejection is related primarily to activation of T cells, which, in turn, stimulate specific antibodies against the graft. Hyperacute rejection of the renal allograft happens in the operating room within hours of the transplant. No treatment exists, and nephrectomy is indicated. Acute rejection appears within the first 6 months after transplantation. Acute rejection is treated with intravenous steroids with a success of 60%-70% [12, 15, 16] . US findings may be variable. It may be normal or increased or decreased renal echogenicity and the loss of corticomedullary differentiation. Nuclear medicine scintigraphy may be useful in differentiation as ATN shows normal early flow to the kidney in contrast to rejection. Consequently, renal biopsy is usually required for a specific diagnosis and further treatment [3] .
Early diagnosis and management of Transplant renal artery stenosis (TRAS) is essential to optimize proper graft function. Currently, the endovascular treatment of TRAS is considered the treatment of choice. The use of a balloon-expandable Multi-Link RX Ultra coronary stent system for treating a high grade focal stenosis along a commonly seen tortuous renal arterial segment seems to allow for a flexible stent design that conforms to the vessel course allowing for optimal stent alignment. Successful technical and clinical outcome using a second generation balloon expandable coronary stent for transplant renal artery stenosis: Our experience Salsamendi et al.
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